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Resumo/Abstract:

Enhanced Oil Recovery (EOR) is one of the most important pro-
cesses of the oil industry to extend reservoir life that focus on in-
creasing reservoir volumetric sweep efficiency and/or displacement
efficiency. Most EOR processes belong to one of the three major
categories: thermal, solvent or chemical. Injection of polymeric so-
lutions, which is considered to be a chemical EOR process, aims to
improve sweep efficiency by decreasing the mobility of the injected
fluid. This is achieved by increasing the injected water viscosity
and by an aqueous phase permeability reduction [1]. Some aspects
of this EOR technique are the focus of this study.

One challenge in polymer flooding is to model the non-Newtonian
rheological behavior of the solutions injected in reservoirs, which
may lead to a complex dependence between fluid flow velocity, fluid
viscosity and shear rates.

In this work we present a mathematical model for the flow of
a non-Newtonian fluid in an homogeneous isotropic porous media
based on the pseudoplastic Carreau model [2]:

η = η∞ + (η0 − η∞)[1 + (λγ̇)2]
n−1
2 (1)

where η is the apparent viscosity, η0 is the viscosity at zero shear
rate, which depends on the polymer concentration in the solution,
η∞ is the viscosity at infinite shear rate, which may be approximated
by the solvent viscosity. In equation 1, γ̇ is the shear rate and λ is the
relaxation time, which measures the time associated with large scale
motions in the polymer structure; it depends on the elastic character
of the polymer solution and polymer concentration in the solution



[2]. The index factor n measures the shear-thinning (0 < n < 1 ) or
shear-thickening (n > 1) property of a fluid, and n = 1 represents
a Newtonian fluid. For pseudoplastic fluids, the smaller the index
factor, the more susceptible the fluid to the shear-thinning behavior.
This model is best suited for modeling the behavior of most non-
Newtonian fluids used in EOR processes.

A modified Darcy’s Law is obtained by using the Carreau model
into the momentum balance to the flow of a non-Newtonian fluid
through a capillar bundle:

v = −ϑ(v)
k

µref

∂p

∂r
(2)

ϑ(v) = µref

{
η∞ + (η0 − η∞)[1 + (λγ̇)2]

n−1
2

}−1
(3)

where v is the fluid velocity, k is the permeability, µref is a reference
viscosity, p is the pressure and r is the radial coordinate.

Upon substitution of the modified Darcy’s Law (equation 2) into
the continuity equation, one arrives to the Hydraulic Diffusivity
Equation (HDE) that governs the flow of a non-Newtonian fluid
in porous media in radial coordinates:
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where φ is the porosity and ct is the total compressibility.
Equation 4 is a non-linear Partial Differential Equation and does

not have a known analytical solution. This work proposes a semi-
analytical solution to equation 4 by using a fixed spatial mesh, sub-
ject to given initial and boundary conditions. To close the formula-
tion, two coupling conditions (continuity of pressure and velocity)
apply to each gridblock boundary. Moreover, by considering a pseu-
dostationary behavior, that is, the solution is considered to be a
weak function of the vartheta time history, the system of equations
can be Laplace transformed. The above approach has been applied
before to similar problems (for instance, see [3] for a case of water
injection without polymer into an oil reservoir). The solution for
each gridblock in Laplace domain is given by [4]:
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where Aj and Bj are constants, pj is the Laplace domain pressure
solution at gridblock j, u is the Laplace variable andN is the number
of gridblocks in the radial direction.

Therefore, in Laplace domain, the discretized problem is repre-
sentedby a linear system of 2N equations:

[M ]2N×2N [C]2N = [D]2N (6)

where [M ] is a matrix whose elements are the Bessel functions of
equation 4, [C] elements are given by the unknowns Aj and Bj and
[D] is the independent vector whose elements come from the inner
and outer boundary conditions.

The above system is solved by a commercial linear solver and
then Laplace inverted to time domain by the Stehfest algorithm [5].
Our approach is compared to literature results and to the results
obtained by a finite-difference numerical reservoir simulator.
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